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* Lecture 1: Quantum phenomena.

- Just what makes a quantum thing, quantum? An examination of
interferometry experiments.

* Lecture 2: Measurement and interpretation

- What is the measurement problem? Should we be worried?
* Lecture 3: EPR, Bell and quantum non-locality

- Is there a conflict between relativity and quantum theory?
* Lecture 4: Beyond the quantum

- Can we catch a glimpse of the theories that might, one day, replace
quantum theory?
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“In any attempt of a pictorial representation of the behaviour of the photon
we would, thus, meet with the difficulty: to be obliged to say, on the one hand,
that the photon always chooses one of the two ways and, on the other hand.

that it behaves as if it had passed both ways.” Bohr
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Figure 1.1. Electron interference with a field-emission electron microscope. Wave
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Figure 1.6. Demonstration of electron-wave phase shift in the presence of a vector
potential field (AB effect) in the Bayh experiment. The magnetic field is held constant
in the upper and lower third of the figure; in the middle third the variation in

interference fringes follows a linear vanation in magnetic field strength. (Adapted
from Bayh [19].)

Source:
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Silverman. pg.2. 16

front splitting occurs at the biprism. (Courtesy of A. Tonomura, Hitachi ARL.)
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Fig. 17.3

(a) Schematic of the
atomic
Mach—Zehnder
mnterferometer.

(b) Phase changes by
the beam-sphiters
and mirrors account
for accumulated
phase shifis in the
upper or lower
branches. (From M.
O. Scully and J. P.
Dowling, Phys. Rer.
A 48, 3186 (1993).)

Source:
Quantum Optics
Scully & Zubairy, pg. 495
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_Fig. 5.13 {a) The perfect crystal neutron interferometer described in the text. (b) The
mterference pattern displayed in the count rate of C, and C, obtained by varying
the relative phase y between the split beams. An additional phase shift & due to some
external agent is manifested by changes in the count rate for each setting of 7.
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* A superposition state cannot be simply understood as a statistical
mixture of states

- "Find at x" is just not the same as "Be at x”

* The observed phenomena depends upon the apparatus used to observe it.

- But the choice of what the apparatus is can be delayed until after
the phenomena has occurred?

- When /s the choice made?

"I't would seem that the theory is exclusively concerned with the 'results of measurement’
and has nothing to say about anything else. When the 'system’ in gquestion is the whole
world where is the 'measurer' to be found? Inside, rather than outside, presumably. What
exactly qualifies some subsystems to play this role? Was the world wave function waiting
to jump for thousands of millions of years until a single-celled living creature appeared?
Or did it have to wait a little longer for some more highly qualified measurer -with a PhD?”
J. S. Bell "Quantum Mechanics for Cosmologists”
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